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力，随着胁迫温度降低，可溶性糖、Pro、Ca2+和 MDA 含量大量积累，SOD 活
性下降，POD 活性升高。 
(2) 在低温胁迫下，长苞铁杉幼苗根系中 Pro 含量随温度降低而升高，Ca2+





(5) 根系中 SOD 和 POD 活性随温度的升高而降低，MDA、可溶性糖和 Pro
含量则升高；叶片在 30~35℃时 SOD 和 POD 活性下降使 MDA 含量累积，在 50




(7) 外源 Ca 能极大增强长苞铁杉幼苗抵抗温度逆境的能力，表现在外源 Ca
能够提高 Chla、Chlb、Chl 和 Car 含量，提高极端温度胁迫下叶片的糖代谢及 SOD


















Tsuga longibracteata is considered as one of the excellent tree speices for 
restoration in southern China. To explore the ecophysiological response of its seedling 
to extreme temperatures, the chlorophyll in leaves, lipid peroxidation activities of 
antioxidant enzymes, osmoregulation, water contents, as well as the contents of 
calcium in leaves and roots of Tsuga longibracteata seedling were studied under low 
and high temperature stresses with extrinsic calcium. The results showed that:  
(1) The leaves of Tsuga longibracteata seedlings could grow in good contition 
and keep certain photosynthetic characteristics under the low temperature stress (LTS). 
As temperature decreasing, contents of photosynthetic pigment, soluble sugar, proline 
(Pro), calcium and malondialdehyde (MDA) increased, while activities of the 
antioxidants superoxide dismutase (SOD) decreased, and activities of peroxidase 
(POD) enhanced. 
(2) As temperature decreasing, the content of Pro in the roots of Tsuga 
longibracteata seedlings increased, MDA and calcium increased at first and then 
declined below -4 . ℃  
(3) Although the regulation and recovery of leaves and roots under LTS are 
different, still their effects in total help Tsuga longibracteata to stand a rather cold 
stress, its long-term evolution make it an excellent tree species to adapt the extreme 
subtropical climate. 
(4) The content of photosynthetic pigment, water content and Ca2 + concentration 
in leaf was increased at first and then decreased under high temperature stress (HTS). 
Also, higher water content can improve the metabolism of plant tissue.  
(5) Both SOD and POD activity declined with temperature increasing in root, but 
the content of MDA, soluble sugar and Pro increased. From 30  to 35 ,℃ ℃  MDA 
content in leaf increased, due to the decreasing of both SOD and POD activity. 
Whereas, SOD and POD activity increased under extreme the temperature 50 , ℃ with 
















(6) The results indicated that Tsuga longibracteata seedlings can stand with HTS, 
and the most suitable growth temperature is ranged from 30  to℃  35 . ℃  
(7) Extrinsic calcium plays an important role of increasing the ability of Tsuga 
longibracteata seedlings to endure severe temperature. Extrinsic calcium could enrich 
Chla, Chlb, Chl and Car contents, while enhance sugar metabolism and SOD activity. 
The process of photosynthesis in Tsuga longibracteata seedlings rich its top under the 
0.4mg·g-1 extrinsic calcium treatment.  




































Car Carotenoids 类胡萝卜素 
CAT Catalase 过氧化氢酶 
Chl Total Chlorophyll 总叶绿素 
Chla Chlorophyll a 叶绿素 a 
Chlb Chlorophyll b 叶绿素 b 
Dm Dry mass 干重 
Fm Fresh mass 鲜重 
HTS High temperature stress 高温胁迫 
LTS Low temperature stress 低温胁迫 
MDA Malondialduhyde 丙二醛 
POD Per oxidase 过氧化物酶 
pr Soluble protein 可溶性蛋白质 
Pro Proline 脯氨酸 
r Coefficient of correlation 相关系数 
SOD Superoxide dismutase 超氧化物酶 

















第一章 前 言 
1.1 长苞铁杉研究概况 
长苞铁杉 (Tsuga longibracteata Cheng)属松科铁杉属长苞铁杉组 (Sect. 


















(Rhododendron simiarum)混交林(1.87) >长苞铁杉纯林(1.56) >长苞铁杉毛竹
















































































    所有需氧生物都必须依赖氧而获得能量，然而氧对于所有生物又都具有毒害
作用，氧的毒害作用不是由于氧分子本身的反应能力，而是由于氧分子还原成水
时产生的许多中间产物，由于它们都含有氧，且是比氧活泼的化学分子，因此通
称活性氧(active oxygen species)，包括超氧阴离子(superoxide radical)、羟自由基
(hydroxyl radical, ·OH)、过氧化氢(hydrogen peroxide, H2O2)、烷氧基(alkoxy radical, 
RO·)、氢过氧基(hydroperoxyl radica1, HO2·)、烷过氧基(peroxy radica1, ROO·)、

























SOD)、过氧化氢酶(catalase, CAT)、抗坏血酸过氧化物酶(ascorbate reductase, 
APX)、过氧化物酶(peroxidase, POD)、谷胱苷肽还原酶(glutathione reductase, GR)
多酚氧化酶(polyphenol oxidase, PPO)、脱氢抗坏血酸还原酶(dehydroascorbate 
reductase, DHAR)、单脱氢抗坏血酸还原酶(monodehydroascorbate reductase, 
MDHAR)、谷胱苷肽 S–转移酶(glutathione S-transferase, GST)、谷胱苷肽过氧化
物酶(glutathione peroxidase, GPX)、愈疮木酚过氧化物酶( guaiacol peroxidase, 
POX)等。这些酶催化还原反应时，其中有些依赖于低分子量的还原剂提供电子。
抗氧化剂有：谷胱苷肽(glutathione, GSH)、抗坏血酸(ascorbic acid, AsA)、半胱
氨酸 (cysteine, Cys)、氢醌 (hydroquinones)、甘露醇 (mannitol)、 α–生育酚
(α-tocopherol)、类黄酮 (flavonoids)、β-胡萝卜素 (β-carotene)和一些生物碱

















































条件下 Chl 含量的下降比在黑暗中显著，且低温胁迫下 Chlb 的降解速度要比
Chla 大，所以 CChla/CChlb 增大[19, 23~26]。 
    (2) 脯氨酸 














Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
